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PROCESS FOR CORRECTION AND
ESTIMATION OF MOVEMENT IN FRAMES
HAVING PERIODIC STRUCTURES

The 1nvention relates to a process for correcting the
estimation of movement in frames having periodic struc-
tures. This process 1s particularly suitable for frame-
conversion systems comprising a change of field frequency,
in particular for converting an 1nterlaced 50 Hz format into
a progressive 75 Hz format. The invention applies 1n par-

ficular in the sphere of television.
The estimation of movement 1n the context of a frame-

conversion system allows the performance of this system to
be substantially enhanced. However, the presence of peri-
odic structures 1 a frame can cause the process for estimat-
ing movement to fail and this can give rise to a very
disturbed vector field unsuitable for temporal interpolation
of the mput fields.

Let us consider, for example, a zebra (with vertical
stripes) running from left to right over-uniform savannah

and filmed close up so as to cover a plurality of main blocks.
It 1s therefore difficult to determine the correct movement

vectors 1n these main blocks. If the successive stripes of the
zebra are designated a, b, ¢ respectively, a correct vector
should make stripe a of the first frame correspond to stripe
a of the following frame and so on for all stripes. A minimum
1s obtained 1n the error matrix comprising errors correspond-
ing to each of the tested movement vectors.

However, the vector causing stripe a of the first frame to
correspond to stripe b of field 2/3 and stripe of b of field 1
to stripe ¢ of field 2/3 etc. also creates a minimum 1n the
matrix.

In view of the digitisation noise and the noise inherent in
the frame, the error corresponding to the correct movement
vector may be greater than the minimum error-of the current
matrix, this latter error therefore corresponding to an incor-

rect vector. By selecting the vector only by the criterion of
minimum error, an error 1S therefore created which will be
reproduced and will be visible during temporal imnterpolation
of the mput fields of the process over all parts of the animal
in question where this ambiguity has not been resolved.
Detection of periodic structures and correction of the

resultant estimate have been addressed in two European
applications EP-A-93402507 of 11th Oct. 1993 and EP-A-

95400721 of 31st Mar. 1995, both filed in the name of
Thomson Consumer Electronics SA.

In both these application, once a block 1s considered to
belong to a periodic structure, the movement vector of this
block 1s determined from a set of candidate vectors. Of the
candidate vectors, it 1s the one giving the smallest error.
Candidate vectors are the vectors of adjacent blocks or a
combination thereotf.

Now this method of correcting movement vectors peri-
odic block by periodic block can introduce different vectors
for the blocks of the same structure. It can also allocate to
these periodic blocks a vector having nothing to do with the
desired movement 1f the adjacent block contains an object
having a different movement.

The present invention relates to a process for correcting,
the estimation of movement in frames comprising periodic
structures 1n a system for determining movement vectors by
comparison of blocks of frames, an error matrix being
assoclated with each block, characterised 1n that it comprises
the stages of:

determining adjacent periodic blocks and

selecting a single movement vector for all these blocks.

Thus, the correction of movement vectors 1s only applied
once the periodic structure has been defined. There will be
good homogeneity of movement 1n this structure.
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2

According to a particular embodiment, the stage of select-
ing a movement vector itself comprises the stage of totalling
the error matrices of the periodic blocks item by item.

Totalling of the matrices item by item allows a matrix to
be obtained for all blocks and consequently allows criteria of
selection of a movement vector to be had relative to this set.
The totalled matrix 1s equivalent to the matrix which would
have been obtained if movement had been estimated on a
“macroblock™ composed of all the periodic blocks.

According to a particular embodiment, all the adjacent
periodic blocks in the same line of blocks are considered.

This case 1s restricted to periodic structures in the same
line. However, as will be seen hereinatter, while allowing for
the vector determined for a possible periodic structure of the
previous line, this does not prevent a homogeneous vector
field from being obtained i1n the region of the periodic zone,
lines combined.

Limitation to a line allows the increase 1n the complexity
of the system and the memory required in comparison with
a movement estimating system without correction to be
limited. In fact, conventional movement estimating systems
ogenerally proceed line by line and block by block.

It 1s obvious that the process according to the invention
also applies to columns of blocks. The terms such as above
or below will be replaced by to the left and to the right, etc.

According to a particular embodiment, the stage of selec-
fion of a movement vector also comprises the stage of
determination of a set of candidate vectors and of selection
as single vector of the candidate vector giving the minimum
of error 1n the totalled matrix.

According to a particular embodiment, the stage of select-
ing a movement vector also comprises the stage of selection
as single vector of one of the two vectors of the blocks on
the left and right of the periodic blocks if the error in the
totalled matrix corresponding to one of said two vectors 1s
a local minimum 1n 1ts line.

According to a particular embodiment, 1f none of said two
vectors satisfies the previous condition, the vector giving the
minimum of error of the totalled matrix 1s selected as single
vector.

According to a particular embodiment, the single vector
finally retained 1s the vector of a block immediately above
one of the adjacent periodic blocks if it 1s also periodic and
it the error associated with this block 1n the totalled matrix
1s a local minimum 1n 1its line.

As mentioned hereinbefore, this stage allows an escape
from the limitation to one line of blocks.

The 1nvention also relates to a process for detecting
periodic structures 1n a movement estimating system based
on blocks of frames comprising the stage of determining an
error matrix for various movement vectors for a current
block, the stage of determining the line of the matrix
comprising the minimum error of the matrix, of determining
the maximum error of said line as well as the stage of
determining the smallest secondary minimum of said line, a
condition for periodicity of a block bemng that said two
minima are close 1n value, the estimation of movement of
blocks considered periodic being corrected by the above-
mentioned process, said detection process being character-
1sed 1n that it comprises the stages of:

determining the greatest secondary maximum of said line,
evaluating the noise level of the frame,

employing the additional condition for determining the
periodicity of a block:
the difference between at least one of the minima and
the secondary maximum should be significant rela-
tive to the noise level of the frame.
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The use of the secondary maximum to detect a periodic
structure avoids, on the one hand, the mopportune detection
of periodic structures 1n noisy uniform zones and, on the
other hand, the cases of secondary minima created by the
presence of noise.

According to a particular embodiment, a third condition
has to be satisfied: the maximum error should be significant
relative to the noise level of the frame.

According to a particular embodiment, the noise level of
the frame 1s equal to the minimum, over all the blocks of a
frame, of the minimum errors for each block and of the
difference:

Errminabs=min{Errmin(i,j),(Errmax-Errmin(i,) }

1=1,....a
1=1,...,b

wherein Errmin 1s the minimum error determined for the

block (1,)), and wherein Errmax is the maximum error
determined for the block (i,)), a and b the number of
horizontal and vertical blocks of the frame.

It 1s obvious that the detection and correction processes
can be applied independently of one another.

Further characteristics and advantages of the invention
will emerge from the description of the non-limiting
embodiment described hereinafter and illustrated in the
drawings.

FIG. 1 1s a diagram representing the input and output
fields of the present process relative to the time axis.

FIG. 2 1s a block diagram of a device employing the
process according to the present embodiment.

FIG. 3 1s a timing diagram of the fields at certain points
of the device mm FIG. 2.

FIG. 4 shows a frame comprising periodic structures as
well as an example of movement vectors which can be
generated for such a frame.

FIG. 5 1s a histogram of the errors of a line of an error
matrix associated with a vertical component of a given
movement vector containing the smallest error of the matrix.

FIG. 6 illustrates the process employed to allow for
periodic blocks 1n the determination of the vector field of
movement of a frame.

FIG. 7 shows two low-pass filters.

FIG. 8 shows the fields 1, 2 and 2/3 and the position of a
sub-block relative to the main blocks of which the vectors
are selected as candidate vectors for the sub-block.

FIG. 9 shows the fields 1, 2/3 and 3 and the position of an
intermediate block relative to the main blocks of which the
vectors are used as candidate vectors.

FIG. 10(a) shows a non-linear function employed by the
process for reducing recursive temporal noise.

FIG. 10(b) 1s a block diagram of a filter for reducing
recursive temporal noise.

FIG. 11 shows a spatial and temporal filter of the median
type used for mterpolation of the field 1.

FIG. 12 1llustrates a problem associated with the presence
of periodic structures 1n the frame.

FIG. 13 shows two embodiments of the spatial and
temporal filter used for interpolation of the field 2.

FIG. 14 shows two embodiments of the spatial and
temporal filter used for interpolation of the field 3.

FIG. 15 shows a timing diagram of the fields at certain
points of the device shown 1 FIG. 2 during the film mode.

FIG. 16 comprises three diagrams (a, b, c¢) of fields
relative to time 1llustrating the normal mode of operation for
video fields, the normal mode of operation for film fields and
the specific mode of operation for film fields respectively.

The invention will be explained with reference to a
process for converting interlaced television frame frequency
of 50 Hz to 75 Hz progressive frames.
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Co-pending applications Ser. No. 08/763,178 filed on
10th Dec. 1996, and Ser. No. 08/768,113 filed on 16th Dec.

1996 are concerned with related subject matter.

Conventions

A period 1s defined as being the time 1nterval allowing an
output field to be displayed, that 1s 175 seconds. A cycle 1s
defined as being the time interval required for a complete
cycle of the algorithm, that 1s three periods or Y25 seconds.

The process 1s repeated i1dentically every three output
fields or every two input ficlds. By convention, the first
output field bears the number 1, the second field bears the
number 2, and so on. However, since processing 1s cyclical,
fields 1,4, 7 ... are generated 1dentically; they will be called
type 1 fields. Similarly, fields 2, 5, 8 . . ., or fields 3, 6, 9
. . . respectively will be generated 1dentically and will be
called 2 and 3 type fields respectively.

By convention, the input fields will be numbered with
reference to the position that they occupy relative to the
output fields. Thus, an mnput field temporally corresponding
to an output field will bear the same number as this output
field. An 1nput field situated between two output fields will
bear the numbers of these two fields: for example, an input
field situated between output fields 2 and 3 will be called
field 2/3.

FIG. 1 illustrates the respective positions of the mput and
output fields.

Input field number 1 comprises the first line displayed on
a television screen; 1t has been 1dentified as line 0. This field,
therefore the odd mput field, 1s formed by lines 0, 2, 4, . . .,
624. An even field 2/3 will comprise lines 1, 3, 5, .. ., 623.
The variable y will represent the line numbers i1ncreasing
from the top to the bottom of the screen in the direction of
scanning. The variable x will be used to denote the abscissa
of a pixel and increases from left to right also in the direction
of scanning. t will represent time, standardised so that one
time unit represents a cycle. Field 1 will be situated at time

0, field 2/3 at time ¥ and field 4 at time 1.

The output fields will comprise all the line numbers since
they are progressive fields. The luminance signal at the
position of a given pixel will be represented by the variable

P(x, vy, t).

General Diagram

The described conversion process and the device for
carrying 1t out advantageously only require a single field
memory. This constraint 1s explained by the fact that the
process 15 1ntended to be mmplemented 1n mass-produced
consumer appliances. The reduction in the production costs
with regard to equipment 1s therefore an 1important factor.

FIG. 2 1s a block diagram of the device for carrying out
the invention. Each element will be seen 1n detail hereinat-
ter.

The device comprises a random-access memory 1 orga-
nised as FIFO and intended to increase the field frequency
from 50 to 75 Hz by repeating one field in two by reading.
The memory 1 therefore receives mput fields at a frequency
of 50 Hz and supplies fields at a frequency of 75 Hz.

The device also comprises a noise reduction circuit 2
comprising two filters: a spatial filter intended mainly to
reduce pulsed noise and a recursive time filter. The spatial
filter receives the fields 1ssuing from the memory 1 then
transmits the filtered fields to the time filter. The time filter
also receives a field known as projected field composed of
previously processed field information. The operation of the
time filter will be described 1n detail hereinafter.
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A temporally filtered field 1s stored 1n a field memory 3
and transmitted to an interpolator 4. The interpolator 4
interpolates between two iput fields to deliver the output
fields of the device. The interpolator 4 receives movement
vectors on behalf of a movement estimating circuit 5. The
movement 1s estimated between the field stored in the field
memory 3 and the “current” field read in the memory 1. A
certain amount of information relating to the estimation of
movement 1s used during noise reduction.

FIG. 3 comprises timing diagrams relating to the fields
processed by the various elements of the device 1n FIG. 5.
The letters 1dentifying each timing diagram correspond to
the letters 1dentifying the connections between the elements
of this last figure.

A field 1s shown 1n the form of a sawtooth corresponding
to the scanning of this field.

The first timing diagram (I) corresponds to the input fields
of the memory 1, that 1s to the fields interlaced at 50 Hz. The
field 1 1s odd, the field 2/3 even, etc.

The second timing diagram (A) corresponds to the output
of the memory 1. The fields are read again at a rate of 75 Hz.
The field 1 (and the fields 4, 7 . . . ) is read once, reading

beginning before writing is completed. The field 2/3 (and the
fields 5/6, 8/9 . . . ) is read twice.

The third timing diagram (G) shows the output of the field
memory 3. This memory maintains a time deviation of one
field between 1ts 1nput field and 1ts output field so interpo-
lation can be carried out correctly. To this end, the memory
does not simply behave as a delay of one field. If this were
the case, the filtered field 2/3 would be present at the input
of the memory and at its output. It 1s therefore the filtered
field 1 which 1s repeated twice at the output of the field
Mmemory.

The fourth timing diagram (B) shows the periods of
calculation of information supplied by the movement esti-
mator to the remainder of the device. As will be seen detail
hereinafter, the movement estimator behaves differently in
cach period of a given cycle. For type 1 fields, coarse
movement vectors are calculated (reference “MB”) for wide
blocks (known as main blocks) whereas finer movement
vectors are determined for the other two fields (reference
“SB”) for sub-blocks of the main blocks. Calculation of the
vectors for the sub-blocks 1s based on the coarse vectors of
the main blocks. The reference “MB1//2/3” of the timing
diagram indicates, for example, the period of estimation of
“coarse” movement between field 1 and field 2/3.

The fifth timing diagram (C) concerns the output of the
spatial filter of the noise-reducing circuit. This filtering is
carried out directly on the field read in the memory 1.

The sixth timing diagram (D) shows the projected field
compared by the noise-reducing circuit with the spatially

filtered field.

The seventh timing diagram (E) indicates the output of the
time filter and consequently the 1nput of the interpolator 4
and of the field memory 3.

The last timing diagram indicates the output of the
interpolator and therefore the output of the device itsell.

Movement Estimator

The movement estimator operates by the process of
comparison by multi-level blocks. This process takes place
in two stages. The frame 1s firstly divided into coarse blocks
or main blocks of 16*32 pixels of which the movement is
determined, then these main blocks are divided into sub-
blocks to refine the vector field.
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6

Estimation 1s carried out for the luminance signal which
oenerally contains sufficient information to describe the
movements of objects on the screen. It 1s obviously possible
also to use the chrominance information or to combine the
chrominance and luminance information for estimation.

Above all, sub-sampling of mput fields by a factor 2 is
carried out 1n horizontal and vertical directions. The calcu-
lations required for estimation are therefore divided by four.
However, the sub-sampled fields will only be used to esti-
mate movement. The output fields will be interpolated from
the complete fields.

This sub-sampling obviously restricts the components of
the movement vectors to even values. This 1s not a problem
in the vertical direction as this constraint 1s already 1imposed
by the mterlacing of the fields during broadcasting.

During sub-sampling, only the odd lines and the even
columns will be retained. However, the points of the frame

will still be labelled by means of the coordinate system used
hitherto, while prohibiting pixels not belonging to the sub-

sampled domain.

According to the present embodiment, before proceeding
with sub-sampling, a low-pass filter intended to suppress the
spatial high frequencies, sources of spectral
superimposition, will be applied to the field. To achieve this
horizontally, a triangular window having seven coelflicients
1s used, for example:

P(x-3,y,1)
P(x-2,y,1)
Px-1,vy,1)
P(x,y, 1)
Px+1,v,1)
Px+2,y,1)
Px+3,y,1)

Phorizontal(x, v, f) = 11_6 [1234321]

Filtering 1s also carried out 1n the vertical direction. As
only the odd lines are retained, this corresponds to the
numbers of vertically interpolated lines of the mput field 1
and to the numbers of input lines of the field 2/3. In order to
harmonise the spectral contents of the two sub-sampled
input fields, low-pass filtering of the input field 2/3 1s carried
out:

Phorizontal ( X,y -2, % )

PSU'b o SamPIEd ( X, V, % ) = % +2PhDTiZDﬂtB.1 ( X, V, % )

+Phorizontal ( X,y +2, % )

For type 1 fields, odd lines are generated using a simple
vertical average:

Psub — sampled(x, y, 0) =

% | Phorizontal(x, y — 1, 0) + Phorizontal(x, v + 1, 0)|

The sub-sampled functions (X,y,0) and

1
(x:yzj)

arc only defined for even x and odd y. For the sake of

simplicity, the sub-sampled fields will be annotated P'(x, y,
t). The filters used are shown in FIG. 7.
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As already menftioned, the multi-level estimation process
behaves differently during the three periods of a cycle:

the vectors corresponding to the main blocks representa-
tive of the movement between fields 1 and 2/3 are
calculated during period 1,

the vectors corresponding to the sub-blocks more pre-
cisely representative of the movement between fields 1
and 2/3 are calculated during period 2, calculation
being effected by means of the vectors determined
during period 1,

the vectors corresponding to the sub-blocks representative
of the movement between fields 2/3 and 4 are calcu-
lated during period 3. In this latter case, calculation 1s
clfected from vectors of intermediate blocks which
consist of updated values of vectors corresponding to
the main blocks.

Determination of the Coarse Vector Field Between
Fields 1 and 2/3

The frame 1s firstly cut up mnto main blocks of 32*16
pixels. As the size of an active frame 1s 720%576 pixels for
the standard sampling frequency, there are therefore 23 main
blocks per line and 36 per column.

For a main block indexed (1,)) with i between 0 and 22 and
1 between 0 and 35 and belonging by definition to the input
field (the most recent field in time), therefore a field 2/3 or

equivalent, the error committed for a movement vector (u, v)
1s defined by:

k=0,2.4,...,30 M I+ k
Einu, v) = 2 F' _ AN
’ =02.. .. .14 M +1
M. 1 +u
P | =12
M) —v

wherein Mx=32, size 1n abscissa of a main block,

and My=16, size in ordinate of a main block.

The error matrix 1s then calculated for each main block:
cach element of this matrix corresponds to an error linked to
a possible movement vector, that is:

Err(1,))=(E(1,))(u,v)) when u=-16,-14, . . ., 14,16; v=-4,
-2,0,2.4.

The components of the movement vectors are even and
are between —16 and +16, and -4 and +4 respectively. The
main block under consideration 1s therefore compared with
blocks of a research window of a previous field, this research
window being situated round the position of the main block
related to this previous field. The vector retained from all the
vectors 1s logged (u',v') and corresponds to the minimum of
the error function.

Errmin=min(E(1,j)(u,v))=Err(i,))(u',v")

when u=-16, -14, . . ., 14, 16 and v=-4,-2,0,.2.4

The vector field of the entire frame 1s calculated by
scanning, block by block, and by applying this research to
ecach main block.

The noise of the frame 1s also estimated during calculation
of the vector field of the main block level. An additional

value 1s calculated for this purpose: maximum error of the
matrix:

Errmax=max(E; y(u,v))

when u=-16, -14, . . ., 14, 16; v=—-4,-2,0,24
Errmin represents an estimate of the sum of two noises:
the noise inherent 1n the luminance signal and the noise for
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digitising the movement vectors. In fact, if the movement
vector which has been calculated corresponds to the move-
ment actually present 1n the frame, Errmin will be the sum
of the differences in luminosity existing in two i1dentical
arcas of the capacity of a main block: these differences will
therefore have the noise of the frame as single origin.

On the other hand, 1f the movement 1s poorly represented
by the calculated vector owing to the digitisation of the
possible vectors, a component due to the error made on this
vector will be added to the previous noise. Errmin will be too
exacting to define the actual noise of the frame.

A second estimator, that 1s Errmax—-Errmin, 1S conse-
quently defined. It also depends on the frame digitisation
noise. Over a uniform zone, the difference between the
maximuim error and the minimum error originates only from
the noise of the frame. If the digitisation noise 1s high, that
1s Errmin and Errmax are both affected, it 1s hoped that this
estimator 1s less sensitive to the digitisation noise eliminated
by differentiation.

Two estimators Errminabs and Noiseest are also defined:

Errminabs=min{Errmin(i,j),(Errmax—Errmin)(i,j) }
=0, . .. 22
1=0, . ..,35

Noiseest=min{(Errmin(i,j)}
1,]
Corrections Made to the Calculations of Period 1

According to a variation, a first correction 1s made when
the frame comprises uniform zones.

Over a uniform zone such as a piece of blue sky, the error
matrix 1s approximately constant. Fluctuations are due to the
presence of noise 1n the frame. The vector calculated by the
process according to the mnvention is therefore unpredictable
and can result 1n pronounced heterogeneity of the vector
field which 1s harmitul to the remainder of the process. In the
presence of such heterogeneity, 1t 1s decided to force the
corresponding vector to zero.

This force 1s 1n fact applied component by component. In
fact, if a horizontal boundary is considered in the frame (a
cliff topped by blue sky, for example), the component u of
the movement vector 1s not fixed because the errors are
constant over each line of the matrix. This component is
therefore forced to zero. Similarly for component v 1n the
event of a vertical boundary.

According to the present embodiment, the criterion
employed to determine whether a vector component should
be forced to zero 1s associated with the level of noise
calculated above.

If Err(i,))(0,v)-Err(i,j)(u,v)<Errminabs*threshold x then

u=0

If Err(i,))(u,0)=Err(i,j)(u,v)<Errminabs*threshold y then

v=0

wherein Errminabs=min{Errmin(i,j),(Errmax—Errmin)(i,

D}
i=0, ... 22
i=0, . .. 35

The values threshold_x and threshold_y are equal to
multiples of 2: 2,4, §, . . ., for example.

In plain language, if the difference between the errors
caused by the zero component vector and the vector found
by estimation of movement 1s of the same order of magni-
tude as the estimated noise inherent 1n the frame, the
correction 1s made.

According to the present embodiment of the mvention, a
correction 1s made when the frame contains periodic struc-
tures.
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The problem posed by this type of structure has already
been addressed the introduction. However, FIGS. 4 and 12
allow 1t to be clarified so the envisaged detection and
correction can be understood better.

The shaded block in FIG. 4 represents the block of which
the movement 1s to be determined whereas the two blocks 1n
broken lines represent two blocks in the reference frame
oving rise to a minimum of error in the error matrix. An
incorrect vector will generate very noticeable defects during
interpolation of the output fields.

These defects are 1llustrated in close-up 1n FIG. 12 where
the true movement of a block between two fields of opposing
parity 1s given by a vector having a horizontal component of
+2. If the movement vector 1s zero, the defects 1llustrated 1n
the right-hand part of the figure appear during interlacing.
The line height has been exaggerated to show the defects
clearly.

In the context of the present embodiment we will restrict
ourselves to horizontal periodicity (for example a zebra with
vertical stripes) since the size of the main blocks and the
range of possible vertical components of the movement
vectors make this type of error unlikely i the vertical
direction. The range of vertical components 1s too restricted
to allow effective detection or correction. However, a skilled
person could easily adapt the correction described herein-
after to vertical periodicity in particular.

Two stages will now be addressed: detection then correc-
tion of this type of error.

This type of defect 1s detected from the error matrix Err.
In fact, the line containing the minimum of elements of the
matrix will also contain one or more secondary minima as
explained hereinbefore.

Firstly, the line (Row(u)) of errors containing the mini-
mum wherein —-16<=u<=+16 will be extracted from the
matrix. Let umin be the index of the minimum in Row(u).
The secondary minimum 1s inmitially detected. It 1s charac-
terised as being a local minimum:

Row(u-1)>Row(u) and Row(u+1)>Row(u)

Only the smallest of the secondary minima satistying the
criterion will be retamned. Let Usec__min be 1ts index in line
Row(u). The secondary maximum situated between the
positions umin and usec__min 1s then detected. It 1s charac-
terised as being a local maximum:

Row(u-1)<Row(u) and Row(u+1)<Row(u)

Only the largest of the secondary maxima satisfying the
criterion is retained. Let usec_ max be its index in Row(u).

The histogram in FIG. 5 represents a characteristic
example of such a situation.

The secondary minimum and the absolute minimum as
well as the secondary maximum are subjected to two addi-
fional tests to confirm the presence of a periodic structure:

the two minima should be close in value (C1),

the difference between them and the secondary maximum
should be significant relative to the current noise level
(C2).

These precautions should be taken to prevent a main
block on the edge of the zebra being considered as periodic.
In fact, a main block can straddle the edge of the zebra, one
half belonging to the anmimal and the other half to the
savannah. This block can give a minimum of error which
will however be greater than the minima associated with
periodicity. A noisy error matrix i1s not therefore considered
as periodic.

The following will be noted:

Errmin=Row(umin)

Errmax=Row(umax)
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Err _sec__min=Row(usec_ min)
Err_sec__max=Row(usec__max)
The following conditions are 1mposed:

(C1) Err__sec_ min-Errmin<a*Errmax
(C2) Err_sec_ max—Err_sec_ min>b*Errminabs

(C3) Errmax>c*Errminabs
According to the present example,

a=0.5

b=2

c=4

An error line verifying all the conditions will 1ssue from

a matrix associated with a block probably containing a

periodic structure.

According to a variation, only the first two conditions are
combined.

The vector associated with this main block 1s then cor-
rected.

For this purpose, 1t 1s not sufficient to take into consid-
eration only the periodic main block. With reference to the
drawing of the zebra, imagining that the entire portion of the
animal not contained 1n the main block 1s deleted, a rect-
angle with vertical stripes 1s obtained. When seeking the
portion of the previous frame to which this rectangle
corresponds, several possible striped rectangles will be
found and 1t will be 1impossible to decide which should be
taken 1nto consideration. To make this choice, the main
block 1s gradually enlarged to remove the uncertainty. The
process 15 1llustrated in FIG. 6 where the shaded blocks are
periodic blocks of one line of the frame.

In a given line, the detection of a periodic main block will
indicate that an entire zone of the frame containing a
periodic structure has been found. The movement vector of
this main block will not be retained immediately. On the
contrary, the error matrix corresponding to this block will be
stored.

We pass to the following main block on the same line. It
it 1s also periodic, its error matrix i1s again stored. We finally
arrive at the end of the periodic structure, the right-hand

cdge of the zebra 1n this 1nstance.
Let (11,J1) be the coordinates of the first periodic main

block encountered and (i2,J1) those of the last. All the
matrices stored are totalled item by item. A matrix 1s

obtained of which the components are:

for all ug[-16,-14, . . . ,14,16] and for all v&[ -4, . . . 4]
Sum(u,v)=2FErr(i,j)(u,v)
1=11,12
=11

The same error matrix would have been obtained 1if the
basic algorithm had been applied to a main block of width
(12-11+1) times the width of a single main block. The error
matrix 1s obviously of the same size.

This matrix 1s not yet suificient for determining the good
movement vector. The blocks at the beginning and at the end
of the periodic structure should be considered. In fact, these
blocks generally contain the edge of the periodic zone 1n
movement and therefore allow the ambiguity of the infor-
mation contained in the error matrix to be removed.

After having determined the foregoing matrix, the proce-
dure 1s as follows:

The vectors of the two main blocks are considered at the
beginning and end of the periodic structure. The cor-
responding error 1s extracted from the sum matrix for
cach one. The vector of which the error 1s smallest will
be retained.

If this vector does not correspond to a local minimum of
its line of the error matrix Sum, the minimum of the
error matrix 1s selected and the corresponding vector 1s
retained.
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Finally, for obtaining vertical coherence between the
adjacent periodic blocks, it 1s tested whether one of the
blocks immediately above this row of periodic blocks
1s also periodic and, 1if so, 1ts vector 1s retained provid-
ing that 1t corresponds to a minimum 1n the line of the
error matrix.

The vector retained will thus be the vector used for all

blocks of the periodic structure.

After having effected determination of the vectors and

possibly the first and or second correction, a vector field 1s
obtained annotated:

—>

MB(1,) wherein 0=1=22 and 0=)=35

Refinement of the Spatial Resolution of the Vector
Field

This phase of the process 1s employed twice 1n succession
during periods 2 and 3.

Attempts are made to characterise the movement more
finely by attributing vectors to smaller elements: the sub-
blocks (which have a size of 4*4 pixels in the present
example). This will allow the vector field to be better
adapted to the edges of moving objects.

According to the present example, there are 180 sub-
blocks 1n a frame width and 144 sub-blocks 1n height.

According to the present embodiment, the errors associ-
ated with the entire range of possible movement vectors are
not all recalculated, as effected for the main blocks. For each
sub-block, candidate vectors are selected from among the
vectors of the main blocks and the error generated by each
of these candidate vectors 1s determined.

In the context of the present example, the candidate
vectors for a sub-block are the vectors of the four main
blocks closest to this sub-block. The vector generating the
smallest error will be attributed to the sub-block.

The fact that candidate vectors associated with main
blocks adjacent to the block containing the sub-block under
consideration are used allows the edges of moving objects to
be determined precisely and, consequently, the boundaries
of zones with uniform movement. If the edge of a moving
object projects just slightly mto a main block, the vector
found for 1t will be a vector indicating the background and
not the moving object because the majority of the pixels of
this main block belong to this background, of which the
movement can be different from that of the object.
Consequently, the edge of the object will not be correctly
reconstituted.

On the other hand, if the vectors of the adjacent main
blocks are also considered for the sub-blocks of the edge of
the object, the movement of these sub-blocks will be cor-
rectly estimated since at least one of the adjacent main
blocks will form part of the object under consideration.

Field 2

Attempts are made to determine the vector field minimis-
ing the difference 1 the luminances of the sub-blocks
between fields 1 and 2/3. However, the output field 2 will
ultimately be displayed. To improve precision, the sub-
blocks are consequently considered as forming part of this

field 2.

For each sub-block of the field 2, four adjacent main
blocks are determined in the following manner: the sub-

block 1s projected orthogonally on the field 2/3 (see FIG. 8).
The four closest blocks will therefore be selected as follows:

When speaking of the sub-block (1,)) (0<i<180, O<j<144),
1t will be said that the four relevant main blocks are:
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8<4 then 1'=-1 otherwise 1'=1
It ]moc 4<2 then j'=-1 o

(.: l; ,(1)=MB(1v8,] v4)
(.: L; 7(2)=MB(i v8+1',] v4)
(L L; ~(3)=MB(1v8,] v4+]')
el ,(H)=MB(1v8+1',]) v4+]')

wherem the quotient of the euclidian division of a by b 1s
annotated avb and its remainder amodb.

If imod

herwise 1'=1

Once the candidate vectors have been selected, they
should be compared with one another. As mentioned
above, the sub-block forms part of the displayed field.
The vector of the main block 1n question 1s therefore
put to scale. 2/3 thereof are 1nitially calculated and the
result 1s rounded. The vector of movement between
field 1 and field 2 1s thus obtained. The remaining
vector corresponds to the movement between field 2
and field 2/3. If these two vectors are called rear vector
and front vector respectively, we have:

When m=1,2,3

Rearg j(m) = int ( % - Rel; y(m) )

Front ;y(m) = Rel; ;(m) — Rearg ;y(m)

The four errors associated with these four vectors are then

calculated:
1
) + ant(iﬂj(m),? ] —

When m=1,2,3,4
S+ k
P 54 — Rear(iﬂj(m), 0

[ (SI I+ k
P

SyJ+1
wherein Sx and Sy represent the sizes in abscissa and

ordinate pixels of a sub-block.

The vector of the sub-block will be the vector giving a
minimum error. By scanning all the sub-blocks, a vector
field annotated Raw(i,)) is obtained.

According to a variation, the components of the field
vectors are subjected to median filtering to eliminate spuri-
ous values: 1n fact, a small error 1n a sub-block 1s less visible
than local heterogeneity of the vector field.

Assuming:

Errgyim)= X
(i,) k=02

1=0,2

a=(10) Rawq s @ =(01) Rawg_yj,

b=(10)- Raw; &' = (0 1) - Raw;,

¢ =(10)  Rawg,q 5y ¢ = (0 1) - Rawy,, 5

The vector field 1s thus written

SBy(i, ) = ( med(a, b, c) ) |

med(a', b', c')

Median filtering 1s therefore carried out for a given
sub-block by taking 1nto consideration the vector previously
calculated for this sub-block and the vectors of horizontally
adjacent sub-blocks.

A vector field for sub-blocks of 4*4 pixels 1s thus
obtained.

The error associated with the selected vector 1s also
defined for each sub-block. This error 1s a measure of the
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confldence placed 1n each movement vector. The error 1s

written:
SI I+ k 1
P _ + Front(i, j),— | -
Sy-J+1 2
- S+ k o Ca
S}, _ JF + z _ EHT(L: .;I):

Field 3

As effected for field 2, calculation of vectors 1n the region
of the sub-blocks is effected for field 3 while estimating the
movement between fields 2/3 and 4. However, the calcula-
fion 1s different from that previously effected. In fact,
according to the present embodiment, movement vectors are
not calculated for main blocks between fields 2/3 and 4, 1n
order to save delay lines. In fact, if the vectors of the main
blocks and those of the adjacent sub-blocks had to be
calculated for field 3, the vectors of all the adjacent main
blocks would have to be calculated for a given sub-block,
and this would introduce a delay corresponding approxi-
mately to the number of lines contained 1n a row of main

blocks.

The vectors of the sub-blocks for field 3 will be calculated
from the vector field previously calculated for the main
blocks between fields 1 and 2/3. This poses problems 1n the
event of rapid movements since the vectors of the sub-
blocks will thus be calculated from wvectors no longer
reflecting the actual movement.

Errep(i,j)= X
2 k=0,1.2.3

1=0,2

According to the present embodiment, the mmformation
concerning the main blocks 1s updated by creating a vector
field for blocks known as intermediate blocks of which the
size 1s exactly intermediate between that of a main block and

that of a sub-block.

According to the present embodiment, the intermediate
blocks have a size of 32 pixels per 4 lines: they have the
width of a main block and the height of a sub-block. The
vector field having average spatial resolution associated with
these intermediate blocks 1s calculated from fields 2/3 and 4
and from the vector field of the main blocks determined for
fields 1 and 2/3. The vector field of the sub-blocks will be
deduced therefrom 1n a second stage. It can be seen that 1t
the vector field determined between fields 1 and 2/3 1s taken
as source of candidate vectors, the error calculations will
still be effected from the information of fields 2/3 and 4.

As with the sub-blocks of field 2, 1t 1S considered that the
calculations are effected for intermediate blocks belonging
to the output field, that 1s field 3. As before, the movement
vectors to be applied to the intermediate blocks will be

broken down into two vectors. Thus, for a vector (u,v), a
front and a rear vector will be determined as follows:

2

Front — (#, Vv
— (1,v)

Rear (1, v) — Front

The error associated with the movement vector (u,v) for
an intermediate block (i,)) will be written:
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P M. 1+k
' + Front(i, J), —
Sy +1 ront(Z, J)
P M. i+k
’ -R .::.:1
N RS

For a given intermediate block of field 3, the main block
corresponding to it 1s determined: 1t 1s the main block which,
projected orthogonally on field 3, contains this intermediate

block.

A certain number of candidate vectors for a given inter-
mediate block (1)) is determined:

Errfnrermediafe(f’: .;F) =

L
2

)
k=0,1.2,...,30

1=0,2

the vector of the corresponding main block,

the vector deduced from the above-mentioned vector of
the main block by modifying its horizontal component
by one digitisation step 1n the positive direction,

the vector deduced from the above-mentioned main block
by modifying its horizontal component by one digiti-
sation step in the negative direction,

the vector of the main block closest (above or below) the
intermediate block,

the vector deduced from the above-mentioned main block
by modilying its horizontal component by one digiti-
sation step in the positive direction,

the vector deduced from the above-mentioned main block
by modifying it horizontal component by one digitisa-
tion step 1n the negative direction.
According to the present embodiment, the six candidate
vectors will therefore be:

If ymod4<2 then j'=-1 otherwise 1'=1

Rel(i, (1) = MB(I, jv4)

RelB(i, )(2) = MB(i, jv4) + ( g )

RelB(i, )(3) = MB(i, jv4) + ( "02)

Rel8(i, )(4) = MB(i, jv4 + "

RelB(i, [)(5) = MB(i, jv4 + ') + ( é )

RelB(i, )(6) = MB(i, jv4 + ) + ( 52)

wherein the quotient of the euclidian division of a by b 1s
annotated avb and its remainder amodb.

The second and third vectors have the same vertical
component as the first vector, the horizontal components
being modified. Similarly, the fifth and sixth vectors have
the same vertical component as the fourth vector, the hori-
zontal components being modified. This choice 1s due to the
size of the intermediate blocks which only have two lines of
height. If intermediate blocks having a greater vertical size
had been selected, correction of the vertical component
could have been considered. Here, however, with only two
lines per intermediate block, 1t 1s difficult reliably to deter-
mine a vertical component and therefore a fortior1 to correct
it.

The error associated with each of the six vectors 1s thus
calculated for each mtermediate block. The vector retained
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for an intermediate block from among the six candidate
vectors 1s that giving the minimum error.

According to a variation, the correction to the horizontal
components 1s eliminated. This avoids excessive disconti-
nuities 1n the vector field 1n the event of noisy frames.

A vector field having average spatial resolution annotated
[B(i,j) is finally obtained.

The last stage of estimation of movement of field 3
involves determining a vector field of sub-block level from
the vector field with intermediate blocks. A sub-block will
obviously be attributed to the intermediate block of which it
forms part. According to the present example, two candidate
vectors are determined for each sub-block. The first candi-
date vector 1s that of the intermediate block of which the
sub-block forms part whereas the second vector 1s that of the
adjacent 1ntermediate block as defined heremafter.

For a sub-block having coordinates (1,]), the two candidate
vectors will be

If imod&8<4 then 1'=—1 otherwise 1'=1
Rel(i? D(1)=}B(% v8,] v4)

Rel; +(2)=IB(1v8+1',] v4)

The vectors:

When m=1,2

Front y(m) = int ( % - Rel; y(m) )

Rear; (m) = Rel; ;(im) — Front; y(m)

will therefore be calculated.

Then the errors:
) + Front( 5(m), 1 ] —

When m=1,2
| SI I+ k 1
P Syoj+1 — Reary j(m), =

[ ( S, i+k
P
Sy ]+ 1
The vector giving the smallest error will be retained.
The vector field (SB5(i,)) is also subjected to median

filtering, and the corresponding error field (Errs(1,))) will be
calculated.

Errgpm)= 2
(i,) k=02

1=0,2

Noise Reduction

Noise reduction mvolves two stages:
a reduction of spatial noise,

a reduction of time noise compensated 1n movement.

The first stage makes use of the information contained in
a single field whereas the second stage makes use of the
information contained 1n several successive fields, two 1n
this 1stance.

Hereinafter, only filtering of luminance will be described.

In the context of the present example, spatial filtering of
chrominance 1s not considered necessary, the chrominance
samples being too remote from one another for the median
filter of directional type to have a direction. It 1s obvious that
chrominance could also be filtered, particularly 1f the
chrominance information i1s denser, in particular if 1t had
resolution 1dentical to that of luminance.

Temporal filtering of chrominance 1s deduced directly
from that of luminance by considering the iput fields of
which the size 1s divided by the factor of sub-sampling of
chrominance (that is by 2 in the direction of the x abscissae
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for an input format 4:2:2). The x component of the move-
ment vectors should also be divided by this same factor.

Spatial Noise Reduction

The spatial reduction of noise 1s mtended to reduce the
pulsed noise 1n the 1nput fields.

According to the present embodiment, the spatial filter 1s
a directional median filter which has the advantage of not
degrading the fronts and fine textures of a frame. Simple
linear or median filtering would not have this advantage.

Directional median filtering 1s carried out here on three
pixels: the “current” pixel as well as two adjacent pixels
situated on the same straight line passing through the current
pixel. In view of these restrictions, four directions of filter-
ing are possible: horizontal, vertical and two diagonals.

The choice of the direction to be considered 1s made as a

function of the correlation existing between the three pixels
of the same direction.

The following table shows the current pixel (X22) sur-
rounded by its adjacent pixels:

X11 X12 X13
X21 X272 X23
X3] X372 X33

The horizontal direction (called d1) passes through pixels
X21, X22 and X23.

The vertical direction (called d2) passes through pixels
X12, X22 and X32.

The first diagonal direction (d3) passes through pixels
X31, X22 and X13.

The second diagonal direction (d4) passes through pixels
X11, X22 and X23.

The correlation coethicients associated with each of the
directions are respectively annotated c1 to ¢4 and the filtered
values m1 to m4.

According to d1:
c1=min(|x21-x22|,|x23-x22)|)
ml=med(x21,x22,x23)
According to d2:
c2=min(|x12-x22|,|x32-x22|)
m2=med(x12,x22,x32)
According to d3:
c3=min(|x13-x22|,|x31-x22)|)
m3=med(x13,x22,x31)
According to d4:
cd=min(|x11-x22|,|x33-x22|)

m4=med(x11,x22,x33)

The direction 1n which the correlation coeflficient 1s weak-
est will be retained.

Other correlation functions can also be selected.
Similarly, filtering can be carried out on more than three
pixels or 1n more than three directions 1f the window used
allows.

Reduction of Temporal Noise Compensated 1n
Movement

A significant advantage in the estimation of movement 1s
that 1t allows the application of noise reduction processes
compensated 1n movement.

The hypothesis that the noise disturbing a television
picture has a statistical expectation of approximately zero 1s
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used as a starting point, that 1s 1ts time average over several
pictures tends to zero. The high-frequency components of
this noise can therefore be reduced by effecting low-pass
temporal filtering of the frame.

A known filtering process involves carrying out recursive
digital filtering pixel by pixel. This process ivolves the
storage, for each pixel, of a certain number of samples and
the application of a recursion equation between these stored
values and a current pixel. A filtered value can thus be
determined for this current pixel and the stored values can be
updated. The choice of the recursion equation and the
number of terms stored determine the effectiveness of the

filter.

However, the application of a low-pass time filter to a
sequence of television pictures has a major defect: owing to
the very nature of this filtering, it creates a trail following all
moving objects, this phenomenon being similar to that seen
on a cathode ray tube having pronounced remanence. This
cilect 1s very visible on certain commercial television sets.

According to the present embodiment, this effect 1s
reduced by using the movement vectors already calculated
when employing the recursion equation. Recursion will be
cilected not on the pixels of stationary coordinates but on the
pixels translated by movement vectors. In other words, the
displacement of the objects 1s followed so that the pixels
which are frames of the same point of the moving object
correspond.

In the context of the present example, time noise 1s
reduced by means of a single field memory on the input
fields (spatially filtered). The vector field with maximum
precision will be employed, that 1s the vector field of the
sub-blocks. The vectors will mitially be calculated from the
stored field and the input field of which the noise 1s not
reduced. The vector field thus obtained will be used to
reduce the noise of the input field. Interpolation will be
carried out between the 1nput field processed 1n this way and
between the stored field. The two fields used for mterpola-
tion will therefore have been subjected to noise reduction.

In the context of the present example, a single field
memory 1s used: only a single sample in the past 1s retained
for each pixel. The recursion will therefore relate to two
terms: the “current” pixel and a stored sample.

Noise reduction 1s articulated into parts:

matching of the pixels to which the recursion equation
will relate

application of the recursion equation.

The pixels are matched sub-block by sub-block of the
input field. The pixels of a sub-block of the 1nput field and
the pixels of the sub-block designated by the corresponding
movement vector 1n the stored field are matched. The stored
field 1s therefore projected according to the field of move-
ment vectors.

If the luminance of the 1nput field 1s designated by

1)

that of the noise-reduced field contained in the memory by

A(5) ]
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and that of the projected field by

the latter 1s written, for field 2/3:
vx&{0,1, . . ., 720}
Vye{1,3,5,...,575}

()24 ()]
y 2 y

wherein
1=xmod4
j=ymod4
and for field 4:
vx&{0,1, . . .,720}
vY&{0,24, ... ,574}

whereln
1=xmod4
j=ymod4
A recursive equation 1s now to be defined and applied. It
will relate to

1C)J=r1C))

as mentioned above, and will give

A(5)]

Assuming that the appearance of an object barely changes
from one frame to another and 1n any case slowly relative to
the time constant of the filter, the differences 1n luminosity
are due only to noise. In the context of the present example,
the recursion equation used 1s therefore:

AC) [ C) ]

(HC) - [C)])

wheremn I 1s a non-linear function adapted to the noise,
issuing from the non-linear function NL shown in FIG. 10(a)
with the diagram of the recursive filter used (FIG. 10(b)).
This function has a linear portion at the beginning of its
curve: for slight differences between the received frame and
its projection the correction 1s maximum and the output
pixel 1s interpolated linearly with a factor 34 for the projec-
tion and ¥ for the received pixel. If the difference increases,
the probability of deleting an actual transition in the frame
also 1ncreases, and the received pixel 1s protected until the
estimate 1s not considered at all 1f the deviation 1s too great.

According to the present embodiment, this function is
adapted to the variance 1n the noise estimated at the moment
when the movement vectors are calculated: the difference
between the noise to be reduced and the information to be
saved can thus be found.

NL 1s therefore written:
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NL:R*—R
X aNL(x)

V0 = x = 1:NL(x) = min ix, ’
4 10

x-(x—1)° )
Vx>1:NL(x)=0,
when I 1s the odd function of R 1n R defined over R™ by:

X
NI - X

where s 15 the typical deviation of the noise measured by the
algorithm and x,, the local maximum of the function NL.
We will put:

25
XML

s=Noiseest

According to a variation of the present example, time
noise 1s not reduced when confidence 1n a movement vector
1s too low relative to the noise of the frame.

According to a further variation, spatial filtering of the
stored field 1s carried out before projection along the move-
ment vector field. In fact, 1n view of the sub-sampling
carried out before the estimation of movement, the precision
of the movement vectors and consequently of the projection
1s of two pixels. The finer details are eliminated by means of
a linear low-pass filter. Measurement has demonstrated that
low-pass filtering reduces the noise level by an additional 2
dB approximately.

Interpolation

After having obtained a vector field which 1s as exact as
possible for each field to be interpolated, the fields to be
displayed are to be deduced henceforth from this 1nforma-
fion and the mput fields. The same objectives will not be
aimed for, depending on the field taken into consideration.

In particular, the following lines of conduct will be
followed:

Attempts will be made to maintain homogeneity 1n the

various 1nterpolation procedures adapted to each field:
too great a difference between two types of iterpola-
tion leads to differences 1n appearance of one field on
the other which, repeated 75 times per second, create
flickering which 1s more annoying than that which 1s to
be reduced;

Steps are taken to prevent an error on a movement vector,
even 1f great 1n value but sufficiently localised, or a
difference between the actual vector field and that
measured due, for example, to digitisation, from cre-
ating excessively visible disturbance. Furthermore, the
presence of noise 1n the frame should not jeopardise the
interpolation process.

Interpolation of Field 1 (luminance)

The field 1 1s a particular case in that its even lines are
picked up as they are. However, the odd lines should be
reconstituted.

The luminance of a pixel of field 1 will be annotated
P,(x,y) wherein (0=x=719;0=y=575).

According to the present embodiment, several types of
interpolation are employed to reconstitute the missing lines:

vertical linear interpolation by averaging (pure spatial
filtering)

interlacing of fields 1 and 3 in the immobile zones (pure
temporal filtering)
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interpolation employing the movement vectors (spatial

and temporal filtering).

The choice of the type of interpolation 1s made main block
by main block as a function of criteria linked to the vector
and to the error associated with the block.

The vector associated with a main block of field 1 1s that

assoclated with the main block 1n the same position 1n field
2/3. Although movement 1s not estimated for the blocks of

field 1 but for the blocks of field 2/3, these vectors are still
taken 1nto consideration. In fact, 1if we move away from the

cdges of the moving objects and 1f the movement is regular,
the vectors obtained by direct estimation on the blocks of
field 1 will be similar to the vectors calculated for field 2/3.

Vertical linear interpolation (pure spatial filtering) is a
fallback solution employed when confidence in the move-

ment vector detected 1s too low. The interpolation:

ot ((5) ] [(2)0)

1s employed for the present embodiment.

Vertical averaging has the drawback of causing very
visible “steps” to appear on the diagonal lines. Furthermore,
it gives mediocre definition, at most equal to that of a
conventional television set. Finally, 1t necessarily causes line
flickering as fields 2 and 3 cannot be interpolated 1n this way.
Attempts will therefore be made to avoid vertical averaging
if possible.

This pure spatial filtering 1s employed within the spatial
and temporal filter described hereinafter.

If the movement vector associated with a main block 1s
zero, filtering known as pure temporal filtering 1s carried out
in that the missing lines of field 1 are selected in a different
field. The lines of two fields are therefore interlaced. The
criterion selected to determine the static character of a main
block 1s comparison of the error in estimation of movement
relative to a threshold. If the error 1s lower than this
threshold, the block 1s considered to be static. In fact, 1f only
a portion of the block 1s static, the other portion will still
create a significant error.

The criterion 1s written:

MBError(1,j)<thresholdxnoiseest
and the imterpolated pixel will be written,

when y 1s even:

Pl(X:Y)=P(X:Y:O)
when vy 1s odd:

1
Pl(x:y)=P(x:y:?)

This type of interpolation allows a double vertical defi-
nition to be permitted and the line flicker to be eliminated,
in comparison with vertical type interpolation by average.

If the movement vector 1s not zero or if the movement
vector 1s zero but the criterion relating to the above-defined
assoclated error 1s not fulfilled, spatial and temporal filtering
1s employed for interpolation. This 1s median type filtering
in the context of the present example.

A median type filter allows good definition to be main-
tained and allows the fronts of the frame to be respected,
contrary to purely linear filters.

FIG. 11 illustrates this type of mterpolation. In this figure,
an “X” designates the pixel to be interpolated, a circle
designates a pixel of the field 1 and a triangle a pixel of the
field 2/3.

The value of an interpolated pixel 1s determined in two
stages:
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In a first stage, three values corresponding to three filters
F1, F2 and F3 are determined.

F1 produces an average of the values of the pixel (bl)
situated above the pixel to be interpolated and of the pixel
(b2) situated below the pixel to be interpolated.

F2 gives the median value between bl, b2 and the value
of the pixel (b) of field 2/3 corresponding to the translation
by the appropriate movement vector of the pixel to be
interpolated of field 1.

F3 gives the median value of the value of the pixel (b) and
the values of the four pixels (al, cl, a2, c2) diagonally
adjacent to the pixel to be interpolated.

In a second stage, the median value 1s determined from
the three values given by these filters.

Let MB(1,)) be the vector of the main block of which the
pixel to be interpolated forms part.

Assuming:

v.=(1 0)-MB(i,))

v,=(0 1)-MB(1,))
when vy 1s even:

e[ ()]
y

when vy 1s odd:
1 X X
ot ()] ()]
F2(x, v) = med3
X+ Vv,
Y+ Vy
x —1 x —1
F3(x, v)=med5]| P —
0137
v +1 Y+ vy

Ultimately:

A filter relating to seven values of pixels 1s thus
constructed, of which a single one does not belong to the
current field. The effects due to poor estimation of move-

On the other hand, definition will be well maintained and
the contours of the objects well followed by directional
median filtering which acts 1 vertical and diagonal direc-

(1(5) ] [ )
)’ ]
)+|)
P, (x,y)=med3(F1(x,y);F2(x,y);F3(x,y))

Interpolation of Field 2 (luminance)

Field 2 1s mterpolated from the vector field 1n the region
of the sub-blocks. All the pixels of the field should be

interpolated as the field 1s not combined temporally with an
input field, as 1s the case for field 1.

For the sake of homogeneity, the interpolation mecha-
nisms employed for the field 2 have characteristics similar to
those already employed for the field 1.

We therefore proceed sub-block by sub-block.

As with the field 1, 1if the error associated with the
movement vector of a sub-block 1s great, interpolation 1s
carried out with the spatial and temporal filter already used
for the field 1. However, as field 2 1s situated temporally
between field 1 and field 2/3, the vector of movement
between fields 1 and 2/3 1s separated 1nto two vectors, one
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(front vector) indicating movement between field 1 and field
2 and the other indicating movement between field 2 and
field 2/3. Each of these two vectors 1s rounded to an 1nteger
value. It will be remembered that 1dentical breakdown of a
movement vector mto two vectors was employed during
calculation of the movement vectors associated with the
sub-blocks of the field 2. Rounding will be carried out in the
same way 1n both cases to avoid the addition of errors.

If (i,)) represent coordinates of the sub-block containing
the pixel to be mterpolated, the vectors:

Rear(i, j) = int [ % - SB1(i, J) ]
Front(i, j) = SB,(I, j) — Rear(i, j)

will be calculated.

Three preliminary values (a, b, ¢) are then determined.
Calculation differs depending on whether the pixel to be
interpolated 1s situated in an even or odd line.

When y 1s even, assuming

X c o 1
a=P|:(y_1)+Frc:nt(Lp;),,?:|
b=P|:(x)—Rear(ipj):U:|

y

X |

C=P|:(y+1 )+Frmnt(a,j)57:|

then:

Py(x, y) = med3 ( (2$ﬂ3+ b) , med3(a, b, c); (2$C3+ ) )

When vy 1s odd, similarly assuming:

a=P|:(yJ_E1)—Rear(i,j),U:|
X c o 1

b=P [ (y)+ant(L:;),?:|

C=P[(y+1 )—Rear(.i:;'):[]]

then:

Py(x,y) = med3 ( (@ +32$b) , med3(a, b, c); (c+ 270) )

3

This filtering 1s illustrated by FIG. 13.

P,(x,y) is the value of the interpolated pixel and corre-
sponds to the median value of three values: the results of two
linear filters and of a median filter from the values of the
pixels a, b and c.

The two linear filters effect time interpolation with
welghting coefficients corresponding to the relative posi-
tions of the pixel to be interpolated relative to the pixels a,
b, c. It should be noted that these are two pure time filters,
that 1s employing a single pixel in each of the input fields.
This allows a loss of vertical resolution to be avoided.

The median filter also allows the generated field to
maintain good spatial resolution. However, it also allows a
certain homogeneity between the various interpolation
mechanisms of the three fields to be maintained.

If the movement vector associated with a sub-block 1s
zero or if the confidence in a vector is high (low error),
interpolation will be of the pure time mnterpolation type as in

the case of field 1: the lines of fields 1 and 2/3 are interlaced:
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When vy 1s even:
P!Z(X=Y)=P(X=y0)
When vy 1s odd:
P!Z(X:Y)=P(X:Y:1/ 2)

A second possible value for this pixel, known as fallback 3

value, is also calculated. This value, annotated Fallback,(x,
y) corresponds to linear filtering which very severely cuts
the spatial high frequencies on the two fields concerned:

Fallback2(x, y) = % (1234321)

P(x-3,y,0)
P(x-2,y,0)
P(x-1,y,0)
P(x,y, 0)
Pix+1,y,0)
P(x+2,y,0)
P(x+3,vy,0)

The confid®hce attributed to a movement vector isfal
defined as:

Errori(x, v)
NBPixel

Conf(x,y) =

wherein NBPixel represents the number of pixels contained
in a sub-sampled sub-block. Conf(x,y) represents the error
brought to a pixel.

The value P,(x,y) of the interpolated pixel will therefore
be:

P.E(x: y) =
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When vy 1s odd, assuming

ﬂ=P|:(yJ_C1)+ant(i,,j),1:|
X c o 1

b=P [ (y)—Rear(L,;):,?]

C=P|:(y+1 )+ant(i,.,j)91:|

then:

(@ +2%b)

= S
P3(x, y) = med3 ( , med3(a, b, ¢); (c+27D) )

3

When vy 1s even, similarly assuming;:

X c o 1
a=P|:(y_1)—Rear(L:;):,?:|
b=P|:(x)+ant(ipj),,1:|

y

X a1

C=P|:(y+1 )—Rear(a,;),j]

then:
(2*a + b)

P3(x, y) = med3 ( , med3(a, b, ¢); (Zrc+ b) )

3

FIG. 14 illustrates this filtering.
If confidence 1s very high and the vector zero, pure time
interpolation will be selected again:

y even:
PB(X:Y) =P(X:yrl)
y odd:

PB(X=Y) =P(X=Y=1/ 2)
The fallback pixel will then be calculated

Fallback3(x, y) = % (1234321)

med3 (P'g(x,, V) — Conflx, y) , Fallback(x, y), P2(x, y) + Cﬂgf (ch"‘ ) )
cale

Scale

The value P,(x,y) is equal to the value of the pixel
compensated 1in movement but inset so as not to be able to
remove 1tself from the value of the fallback pixel by a value
oreater than confidence divided by a corrective factor.

Interpolation of Field 3 (luminance)

The mechanisms are very similar to those employed for
field 2. Field 3 is interpolated from fields 2/3 and 4 (that is
field 1 of the following cycle) and from the vectors of the
sub-blocks SB;(1,j). Only the interpolation coefficients and
the appearances of line parity will change.

The vectors will therefore be calculated:

Front(i, j) = int [ % - SB3(0, J) ]
Rear(i, j) = SB(i, j) — Front(i, J)

and the points will be calculated:
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P X—l,y,i) P(x_3:y::-)
2 P(x-2,vy,1)
Pix-1 1
2 1 1 (x :‘y!)
£y Pl x, y,,? +? Plx,y, 1)
Plx+1,y,1)
1 P(x+2,y,0)
Py x+dy,— P(x+3,y,1)
1
F +2,y, —
(vrot)
1
P + 3, y, —
(vront)
and confidend® 1n the movement vkctor,

Errors(i, J)

Conf (L: f) -

NBpixel

Finally, the value of the displayed pixel will be estab-
lished while preventing this pixel from moving too far from

the value of the fallback pixel if confidence 1s low:
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Pj’fﬂur(f:: .;I) =

Conf(i, )
Scale

, Fallbacks(i, ), P's(i, /) +

med ( Ps3(i,]) - Confli,)) )

Scale

It can be seen that the continuity on interpolation 1s well
assured with the previous field since the algorithm 1s mod-
elled on interpolation of the field 2. However, the vectors of
sub-blocks have a time bias—due to the fact that they have
been calculated from the main blocks determined for the
previous output field—which makes the definition of this
field poorer than that of the previous field, particularly in the
case of rapidly changing movements.

Processing on Chrominance

Interpolation of chrominance 1s subject to constraints
which are much less severe than that of luminance. In fact,
the definition of the eye 1s much weaker. Furthermore, the
standard employed for transmission on the radio-frequency
network known as format 4:1:1 includes sub-sampling end-
ing with the transmission of one piece of chrominance
information for each four pieces of luminance 1information,
with repetition of the chrominance mnformation identical to
itself on two lines. The tolerances 1n the filters used are thus
much greater. Therefore, we will content ourselves with
simplified filters.

The chrominance interpolation algorithms are therefore
directly extrapolated from the luminance interpolation
algorithms, considering the fields containing two times
fewer pixels horizontally and therefore dividing the hori-
zontal component of the movement vectors by two.

For field 1, the filter having 7 input pixels used in
luminance 1s limited to 3 mput pixels.

Assuming:

o= (10) MBCG, )

v, = (0 1) - MB(, j)

When vy 1s even:

e[ ()]
y

When y 1s odd:

Fl(x:y)=% (P[(yfl),o]uj[(yfl

F2(x, y) = med3
( ¥ ¥ X+ Vy
P ,0 | P AUN BP
(ESDE(EARIES
X+ Vy 1
F3(X,J«’)=P y+vy :7

Ultimately:

P, (x,y)=med3(F1(x,y);F2(x,y);F3(x,y))

For fields 2 and 3, the median time filters of luminance are
maintained but the fallback filter 1s eliminated. The hori-
zontal filter 1s eliminated i1n the temporal noise reducing

filter because 1t would filter the spatial frequencies too low.

Film Mode

The case of film mode 1s that of the video sequences
generated not 1 625/50/2 format but 1n 625/25/1. These
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sequences are therefore 1n a format which 1s progressive at
the mput which means that each mput frame contains two
fields corresponding to the same moment.

This gives rise to the entire problem: in fact, 1f the
above-described algorithm 1s applied to such sequences
without modification, the estimation of movement will be
completely 1nhibited since calculation of the main blocks
will take place between the two fields of the same frame and
all successive estimations following from them will generate
only zero vectors. Therefore, 1f no movement 1s detected, no
fime 1nterpolation or compensation in movement can be
made. This 1s very annoying because each mput frame can
only be repeated three times on the screen when such
sequences are displayed. This results 1n a jerky effect which
1s particularly undesirable in any sequence involving move-
ment.

A simple, inexpensive solution allowing this jerky etfect
to be considerably reduced is as follows: the mmformation-
processing phase will be modified so the movement between
two different frames 1s detected and estimated and time

interpolation 1s therefore possible.

Consequently, the estimation of main movement (the

phase of the main blocks) should take place between an even

field 1 and an odd field 2/3 and not between an odd field 1
and an even field 2/3. The timing diagrams i FIG. 15
illustrate this particular mode of operation.

All the processing will therefore be offset by a 50 Hz field.
This means that, at the output, the lines to be interpolated
will have parity opposed to that which they have during
normal processing. However, the filters and the movement
estimator will operate strictly identically. The following will
be generated successively:

a progressive field 1 using the vector field of main blocks
while maintaining the input lines and interpolating the
others with the 7 point spatial and temporal median
filter described hereinbefore

a progressive fleld 2 using the vector field of sub-blocks
estimated with 1nput fields 1 and 2/3. The above-
described 3 point median time filter will also be used
here. On the other hand, the coefhicients 1/2 and 1/2 will
be used istead of applying the ordinary weighting
coefficients 2/3 and 1/3; this means that the field 2 thus
generated 1s situated equadistantly between the input

fields 1 and 2/3. This stmple modification of the coet-

ficients itself constitutes a significant reduction 1n jerks
which 1s readily distinguishable and perceptible on all
the frames which have been processed. See the diagram

explamning this reduction 1in jerks 1n FIG. 16,

and finally a progressive field 3 normally using the vector
field of the sub-blocks corrected by the intermediate
blocks. In fact, since the fields 2/3 and 4 1ssue from the
same frame here, there 1S no movement between these
two fields. It 1s therefore sufficient to force the vector to
zero as well as the confidence: 1n this way, the previ-
ously described filter will interlace purely and simply
the two 1nput fields to regenerate a perfect progressive
frame.

To conclude, film mode can be processed without modi-
fication of the filters and mechanisms for estimation of
movement: 1t 1s suificient to monitor the phase of processing,
the coeflicients of interpolation of the field filter 2 and the
vectors and confidences of the fields 3 once the presence of
the film mode has been detected. The reduction 1n jerks thus
obtained will therefore be mexpensive to 1implement.
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I claim:

1. Process for correcting the estimation of movement 1n
image frames including periodic structures suitable for use
in a system for determining movement vectors by compari-
son of blocks 1n said image frames, an error matrix being
assoclated with each block, wherein said process comprises
the steps of:

(a) identifying adjacent periodic blocks constituting an
image element exhibiting a periodic variation in lumi-
nance within at least one individual 1image frame; and

(b) determining a single movement vector for all said

identified periodic blocks.

2. Process for correcting the estimation of movement 1n
frames comprising periodic structures 1n a system for deter-
mining movement vectors by comparison of blocks of
frames, an error matrix being associated with each block,
characterized 1n that 1t comprises the stages of determination
of adjacent periodic blocks and selection of a single move-
ment vector for all these blocks and in that the stage of
selection of a movement vector itself comprises the stage of
totaling of the error matrices of periodic blocks 1item by 1tem.

3. Process according to claim 2, characterized 1n that all
adjacent periodic blocks of the same line of blocks are
considered.

4. Process according to claim 3, characterized 1n that the
stage of selection of a movement vector also comprises the
stage of determining a set of candidate vectors and of
selecting as single vector the candidate vector giving the
minimum of error in the totalled matrix.

5. Process according to claim 3, characterized 1n that the
stage of selecting a movement vector also comprises the
stage of selection as single vector of one of the two vectors
of the blocks to the left and to the right of the periodic blocks
if the error 1n the totalled matrix corresponding to one of said
two vectors 1s a local minimum 1n its line.

6. Process according to claim § characterized in that if
neither of said two vectors has a corresponding totalled
matrix error that 1s a local minimum 1n 1ts line, the vector
orving the minimum of error of the totalled matrix is selected
as single vector.

7. Process according to claim 3 characterized in that the
single vector finally retained 1s the vector of a block 1mme-
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diately above one of the adjacent periodic blocks 1f 1t 1s also
periodic and if the error associated with this block in the
totalled matrix 1s a local minimum 1in its line.

8. Process for detecting periodic structures 1in a movement
estimating system based on blocks of frames comprising the
stage of determining an error matrix for various movement
vectors for a current block, the stage of determining the line
(Row) of the matrix comprising the minimum error (Err__
min) of the matrix, of determining the maximum error
(Err__max) of said line as well as the stage of determining
the smallest secondary minimum (Err_sec min) of said
line, a condition for periodicity of a block being that said two
minima are close in value (C1), the estimation of movement
of blocks considered periodic being corrected by determin-
ing adjacent periodic blocks and selecting a single move-
ment vector for these blocks, said detection process being
characterized 1n that 1t comprises the stages of determining
the greatest secondary maximum (Err_sec max) of said
line, evaluating the noise level of the frame (Errminabs),
employing the additional condition (C2) for determining the

periodicity of a block: the difference between at least one of
the minima (Err_min, Err_sec min) and the secondary
maximum should be significant relative to the noise level of
the frame.

9. Process according to claim 8, characterized in that third
condition (C3) has to be satisfied: the maximum error
(Err-max) should be significant relative to the noise level of
the frame (Errminabs).

10. Process according to claim 9 characterized in that the
noise level of the frame 1s equal to the minimum, over all the
blocks of a frame, of the minimum errors for each block and
of the difference:

Errminabs=min{Errmin(i,j),(Errmax—Errmin)(i,j)}
1=1,....a
1=1,....,b

wherein Errmin 1s the minimum error determined for the

block (1,)) and wherein Errmax is the maximum error
determined for the block (i,j), a and b the number of
horizontal and vertical blocks of the frame.
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